Using a segmented market model that includes state-dependent asset market decisions along with access to credit, we analyze the impact that transactions credit has on interest rates and prices. We …nd that the availability of credit substantially changes the dynamics in the model, allowing agents to signi…cantly smooth consumption and reduce the movements in velocity. As a result, prices become quite ‡exible and liquidity e¤ects are dampened. Thus, adding another medium of exchange whose use is calibrated to U.S. data has important implications for economic behavior in a segmented markets model.
Introduction
Inventory models of money demand dating back to Baumol (1952) and Tobin (1956) have a long and distinguished place in monetary economics. An important outgrowth of the initial literature is the recent development of more fully speci…ed asset market segmentation. Seminal papers are those of Alvarez and Atkeson (1997) and Alvarez, Atkeson, and Kehoe (2002) , who use the existence of …xed costs for transfering funds between assets and transaction media to explore a host of issues.
Importantly, these models can account for sluggish movements in prices and a liquidity e¤ect in interest rates. 1 However, a potentially key assumption in this literature is the restriction that money is the only available transactions vehicle. That restriction overlooks the fact that a meaningful amount of transactions take place using credit, and thus, an important margin of choice is abstracted from.
To investigate the e¤ects of allowing agents to use credit for transactions, we model credit use along the lines of Schreft (1992) and Dotsey and Ireland (1996) . A main outgrowth of having access to credit for transactions is that it allows households to smooth consumption of not only goods bought with credit, but also goods bought with cash. Thus, consumption pro…les in the presence of credit are quite di¤erent from those obtained when transactions credit is unavailable. The relative smoothness of cash consumption occurs even in the presence of a signi…cant degree of market segmentation. In turn, the change in behavior that results from including transactions credit has signi…cant implications for the propagation of monetary shocks. Namely, it impairs the model's ability to generate price stickiness even in the presence of signi…cant market segmentation. As a result, liquidity e¤ects are reduced when compared with a model that excludes transactions credit.
Because the use of transactions credit has meaningful implications for the allocation of consumption across di¤erent agents, impairing its use has signi…cant negative e¤ects on economic behavior.
We …nd that a decline in the e¢ ciency of supplying credit leads to a contraction in consumption and a drop in prices. Furthermore, the secular increase in the use of credit implies time varying behavior in the economy's response to monetary shocks. That is, economies with little credit behave somewhat di¤erently from economies that actively use transactions credit. Importantly, understanding the in‡uence of money on economic activity also requires a careful consideration of how credit is used in transactions as the two media of exchange are intimately related.
Credit usage by households has been rising since the 1960s, with a brief interruption during the Great Recession. 2 According to our experiments, this increasing availability of credit may have significantly dampened the e¢ cacy of monetary policy. Indeed, our results show that monetary policy has the largest impact as measured by the change in the real interest rate when the economy lacks access to credit. In constrast, the impact is subtantially tamed in an economy with a high degree of credit access.
Our work is most closely related to that of Alvarez, Atkeson, and Edmonds (2009) and especially to that of Khan and Thomas (2011) . 3 Both papers analyze the e¤ects that asset market segmentation has on the inventory behavior of money balances and the subsequent relationship between that behavior and the behavior of velocity, interest rates, and prices. Khan and Thomas take the signi…cant step of making portfolio decisions state dependent using a methodology similar to the one developed by Dotsey, King, and Wolman (1999) in the state-dependent pricing literature. They thus remove a potential weakness from much of the segmented market literature in that agents are allowed to adjust the timing of their asset market use in response to economic ‡uctuations. In this paper, we take the additional step of realistically adding another form of transaction, namely, credit. Doing so has signi…cant implications for the way in which segmented markets in ‡uence economic activity. No longer are bond prices determined by the marginal utility of active agents separated across time; instead, they are determined by the marginal utility of consumption of credit goods purchased by each agent across time. This feature of the model has implications for the dynamics of velocity, in ‡ation, and the existence of a liquidity e¤ect, and it is these fundamental elements that are most in ‡uenced by the behavior of transactions costs between money and bonds. 2 Total oustanding revolving credit as a fraction of GDP has moved from about 0.2 percent in 1968 to 7 percent at the beginning of 2009 (although, it falls to 5.4 percent in 2012). A similar trend is observed if we use total credit. Total revolving credit corresponds to the variable REVOLSL in the G. 19 series from the Board of Governors. Nominal GDP is taken from the BEA. Our measure is constructed by dividing the two series. 3 Other papers that we have found informative are those of Occhino (2008) , Lacker and Schreft (1996) , and Li (2007) .
Our research also relates to the money demand models of Guerron-Quintana (2009; 2011) . In his models, households save using a savings account and buy goods using cash from a checking account.
The author uses a Calvo-style framework to model infrequent portfolio rebalancing between the two accounts. The staggered portfolio decision results in a Phillips-type money demand curve that resembles the partial adjustment money demand models of Goldfeld (1976) . The resulting model shares the property of segmented market models that not all agents are able to adjust money holdings in response to shocks. As a consequence, velocity is not constant and money is non-neutral.
In the next section, we describe our model. Section 3 discusses our calibration strategy, which di¤ers signi…cantly from much of the literature. The di¤erences do not stem solely from the incorporation of
credit but from what we believe is a more justi…able interpretation of the transactions costs involved in managing money holdings. In Section 4, we then proceed to a description of our benchmark steady state and to an analysis of our model economy's dynamics with respect to monetary shocks. We study the model's behavior with respect to shocks to the interest rate under a Taylor rule. Section 5 discusses shocks to the availability of credit. We look at how changes in the availability of credit over time a¤ect the steady-state value of velocity and how they are likely to induce time-varying behavior in the economy's response to shocks in Section 6. The last section concludes.
The Model
The economy is populated by a household with a continuum of shoppers having measure one. The household is run by a benevolent parent. This "super" household construct is shown by Khan and Thomas (2011) to replicate a more complicated environment in which each shopper operates in isolation but has access to a complete set of state-contingent contracts as in Alvarez, Atkeson and Kehoe (2002).
The timing of the model is as follows. First, the goods market opens and the household receives an endowment, y t ; which is distributed evenly to all the shoppers. In the goods market, there are two basic types of shoppers: (1) inactive shoppers who did not replenish their transactions balances in the end-of-last-period's asset market, and (2) active shoppers who did. Both types of shoppers can use either money or credit when purchasing a good and the precise decision for doing so is speci…ed below.
After the goods market closes, the asset market opens and the household rebalances its portfolio and also decides which shoppers should visit the asset market and replenish their money holdings.
Visiting the asset market involves a …xed cost and thus the decision of whether or not to participate in the asset market is endogenous and state-dependent. As in Khan and Thomas (2011) , the only idiosyncratic shocks faced by members of the household (the shoppers) are these transaction cost shocks. Alternatively, agents could be faced with iid income or preference shocks, but for ease of comparison we proceed as in the manner of Khan and Thomas. In what follows we shall use money and cash interchangeably. We follow a similar convention when talking about assets and bonds.
Goods Market and Evolution of Money Balances
The period starts o¤ with shoppers' proceeding to the goods market. Shoppers' are indexed by j, which denotes how many periods have transpired since the shopper last visited the bond or asset market. The fraction of each type of shopper is denoted by j (j = 1; :::; J): Because there is a maximun …xed cost of being active in the asset market, there will be a maximum number of periods that any shopper will remain inactive. That number is given by J, and it is endogenously determined.
A type 1 shopper is a shopper whose money balances were replenished in last period's asset market and these balances are denoted M 0;t . Similarly a shopper who visited the asset market at t 2 has M 1;t balances and there are 2;t of them. Finally, a shopper who last visited the bond market t J periods ago enters with M J 1;t balances and there are J;t of them. This shopper will leave the goods market with zero balances because he will visit the asset market with probability one in the second half of this period. All other shoppers probabilistically visit the asset market based on their draw of a transactions cost. Here, M 0;t :::M J 1;t are state variables, as are the j;t .
The shopper also has the choice of buying a good with cash or credit. As in Dotsey and Ireland (1996) , goods are indexed by i 2 [0; 1] with the cost of using credit monotonically increasing in i:
Thus, there will be an endogenously determined cuto¤ for each type of shopper, i j;t ; and goods whose index is below the cuto¤ will be purchased with credit and those with an index greater than the cuto¤ will be purchased with cash. The goods purchased with credit are paid for in the succeeding asset market. Thus, the model builds on the original cash good-credit good framework of Lucas and Stokey (1987) by making the choice of transactions medium endogenous. 4 The model is thus, well integrated into the large CIA literature. Further, each shopper is costlessly wired a fraction of the income earned from selling last period's endowment in last period's goods market. We think of this as an automatic deposit into a shopper's checking account. Thus, the cash-in-advance constraints can then be written
where P t 1 y t 1 is money earned last period that is costlessly deposited in the shoppers'transaction account. The Lagrange multipliers associated with each of these constraints will be denoted by j;t j = 0; :::J 1: Also note that type J 1 shoppers will go to the asset market for sure next period. As long as the interest rate is greater than zero, they will not hold any money balances upon exiting the goods market, M J;t+1 = 0: 4 We refrain from investigating a more elaborate credit card market, because the model does not embed many of the signi…cant features associated with that literature, namely, unobserved heterogeneity among agents and the possibility of bankruptcy. Further, the lack of credit acceptability is not present in the model, which as Telyukova (2012) shows may be an important aspect of credit card usage. Jointly modeling the various features that determine the characteristics of credit cards would be an interesting extension to the paper. Related as well is the model of Rojas Breu (2013) , who investigates convenience use of credit cards in a search theoretic model of money.
The Asset Market
Next the asset market meets and the household rebalances its portfolio as well as paying for the goods bought with credit in the goods market. The key decision is how many shoppers should visit the asset market and replenish their transaction balances. There are jt fraction of shoppers who have not visited the bond market for j periods, and the probability that they will visit the asset market and replenish their cash balances by trading bonds for money is jt : These probabilities will be determined endogenously based on the draw of an exongenous …xed cost of entering the asset market. Those who visit the asset market are referred to as active shoppers. Below, we discuss how these probabilities and fractions are endogenously determined. Let each active type j shopper withdraw X jt = M 0;t+1 M j;t+1 balances for use in next period's goods market, where we note that the solution should imply that M J;t+1 = 0 because a current type J 1 shopper is visiting the bond market for sure. Given that credit is costly to use, it is optimal for this shopper to exhaust all of his money balances before turning to credit. Other shoppers, who may not end up visiting the bond market, will generally want to carry some money over into the next period. Bond holdings evolve according to
where the …rst term on the right of the inequality represents the dollar value of last period's bonds plus interest income, and the second term is the fraction of the nominal value of this period's endowment (sold to the other identical households in the time t goods market) that automatically is deposited in the asset market account. Recall that a fraction will be wired to shoppers in next period's goods market. The third term, T t , is net government lump sum transfers, the fourth term represents the withdrawals made by …nancially active shoppers, and the …fth term re ‡ects the withdrawal needed to pay the nominal value of the …nancial transaction costs incurred by …nancially active shoppers. The last term is the total expenditure associated with credit, which includes the amount of consumption as well as the cost of using credit on each good i, q(i).
In particular, each type j shopper draws a …xed cost j;t from the distribution H( ); and decides to visit the asset market if that cost is less than some endogenously determined cuto¤, j;t : Thus,
ah(a)da and the expected cost of going to the asset market conditional on actually going to the asset market is j;t = j;t : Further, the fraction of those drawing a cost less than j;t ; and hence replenishing their money balances is given by j;t = H( j;t ): j;t also represents the probability that a type j shopper will visit the asset market. Denote the fraction of individuals who were last …nancially active j periods ago as j:t : Thus, the fraction of individuals at t + 1 who were active at t is 1;t+1 = J X j=1 j;t j;t and the transition of individual types who were inactive in the current period is given by j+1;t+1 = (1 j;t ) j;t for j = 1 to J 1
The Lagrange multipliers associated with the transitions are denoted j;t (j = 0; :::J 1); where 0;t is associated with 1;t+1 = J X j=1 jt jt : Because the transactions costs of exchanging bonds for money is distributed iid, all agents who pay the cost and exchange bonds for money are identical. They, therefore, leave the bond market with the same amount of money, which implies that the withdrawals of money are di¤erent for each type of shopper.
In addition, there are goods that are bought with credit and there is a cost associated with using credit. The last term in (2) is the direct cost of the goods bought with credit and the cost of using credit itself. We use a " e " to indicate that good i is being bought with credit. Further, we follow the modeling strategy of Schreft (1992) and Dotsey and Ireland (1996) , where there is a continuum of identical goods arranged on a unit circle, and i indexes the location of each good. The …xed cost of using credit, q t (i); is indexed by the location of the good and is a continuous monotonically increasing function. Thus, as the index increases, the shopper will be less likely to use credit. As in the case of portfolio rebalancing, there will be a cuto¤ value across goods for which a type j shopper will …nd credit too expensive and will instead use cash rather than incur that cost. The cuto¤ is endogenously determined and denoted as i j .
One way to interpret the cost of credit q t (i) is that shoppers need to show their creditworthiness when using credit. As they consume more credit goods, more resources must be devoted to demonstrate that they will repay their credit when the asset market opens. Alternatively, q t (i) captures in a parsimonious way consumers'attitudes regarding the ease of use of di¤erent media of payment. For instance, the Bank of Canada's Methods-of-Payment survey (MOP) reveals that money is the preferred transaction device because of its ease of use and its lowest cost of usage (Arango et al. 2012 ). The survey also reveals that as households perceive that using credit cards is more costly, they tend to switch to cash as a medium of exchange.
The Lagrange multiplier associated with (2) will be donoted by t :
Recursive Household Problem
Given the preceding description, the household's problem can be written recursively as
; f jt g J 1 ; B t 1 ; y t 1 ; y t ) = max fc jt g;fe c jt g;f jt g;fi j;tg ;fM j;t+1 g
g; f j;t+1 g; B t ; ; y t ; y t+1 ) subject to (1), (3), and (2).
Government Budget Constraint
The government's budget constraint is given by
where B is one-period nominal bonds and M is the aggregate nominal money supply. We assume that the growth rate of the money supply g m;t = M t+1 =M t follows an AR(1) process
where " m;t d ! N (0; 1).
Market Clearing
Goods market clearing requires
and end-of-period money market clearing requires
Alternatively, at the beginning of the period money market clearing is given by
The …rst term gives the money balances that shopper's bring into the goods market and the second term is the funds costlessly wired into each shoppers transaction account.
First-Order Conditions
The solution to the model is found by linearizing around a non-stochastic steady state. In particular,
we are solving for the J consumptions of cash goods, fc j;t g
; and the consumption of the credit good, f e c t g (it is shown in the appendix that the consumption of cash goods is independent of the index i and only depends on the index j). Further, no matter what type the shopper is, he consumes the same amount of each type i good with credit. The only di¤erence is the measure of goods bought with credit. We also solve for the J nominal money stocks fM 0;t+1 g J j=0 , J fractions f j;t+1 g J 1 ; the J transaction cost cuto¤s f j;t ); the J Lagrange multipliers f j;t g J 1 j=0 associated with the evolution of the 0 s; (3); bonds B t , the nominal interest rate R t ; and the price level P t : Also, we must calculate the resources used by the household in going to the …nancial markets, f jt g J j=1 as well as the J cuto¤s, i j and the implied cumulative cost of using credit for each shopper,
Thus, we are solving for 8 J +3 variables as well as the maximal value of J:
The Behavior of Consumption
The …rst order conditions for consumption of various shoppers depends on whether the good is bought with cash or credit. These are given by
and for the various goods bought with cash
The 
Pricing Bonds
The …rst-order condition for bonds is
One immediately notes that this di¤ers from the typical bond pricing condition in segmented markets, in that it depends on the common consumption of the credit goods between periods and is independent of which agents are active in di¤erent periods. Thus, the use of credit links the di¤erent types of shopper's stochastic discount factors and this link is absent in models where money is the sole transactions medium. Furthermore, this means that consumption of the credit good determines how interest rates react to monetary injections and hence the strength of liquidity e¤ects. The standard …rst-order conditon (under our timing protocol)
in the model, but the presence of credit and the resulting …rst-order condition given by (10) works to make the consumption pro…le across agents much smoother. This will become evident below.
Determining the Use of Credit
Having determined consumption, we next examine the condition determining the cuto¤ for whether a good is bought with credit or cash. This cuto¤ point will depend on the index j; which is associated with how long an individual shopper has been unable to replinish his cash. Di¤erentiating the household's objective function (4) with respect to the various cuto¤s, i j;t yields the following condition,
A good will be bought with credit as long as the LHS of (11), which represents the bene…t of purchasing an additional type of good i; with credit is less than the cost as depicted by the RHS of (11) . The …rst bracketed term re ‡ects the direct change in a type j agent's utility if an additional unit of consumption is purchased with credit. Doing so also relaxes the CIA constraint in the goods market but tightens the asset household's budget constraint because an additional good is purchased with credit. These costs and bene…ts are re ‡ected in the second bracketed term.
Determining Whether to Be Active
We now turn to the determination of whether a shopper visits the asset market to replenish transactions balances. As long as
for j = 1 to J 1 the shopper will become active. The various Lagrange multipliers, j;t have the interpretation of the value to the household of having an additonal type j shopper. The left-hand side is utility cost incurred by the marginal type j shopper of becoming active, while the right-hand side of (12) depicts the value of being active rather than inactive adjusted for the utility cost of changing money balances. An additional type j shopper becoming active requires a withdrawal of funds in the asset market whose shadow value is t : In turn the values of being a type j shopper follow the recursive relationships depicted by
for j = 0; :::; J 2;
and
Calculating the Steady State
Conditional on knowing the cuto¤ value for using credit for each type of shopper and the cuto¤ values for going to the asset market, which then determines the j;t ; we can determine the other variables.
We have the J equations for determining consumption, (8) and (9), along with goods market clearing to determine the J + 1 various values of consumption. The CIA constraints along with the …rst-order condition for M 0;t+1 can then be used to determine the various money holdings. Given these solutions, the cuto¤ values for credit can be ascertained and the multipliers j;t can be solved for. In turn, the cuto¤ values for going to the bond market and the expected costs of doing so can be calculated. In turn, knowing the cuto¤s for credit allows one to calculate the cost of using credit. Iterating on these conditions until convergence is attained in the credit and asset market's cuto¤ values or solving all the equations nonlinearly can produce the steady-state values of the economy.
Calibration and Steady State Properties of the Model
There are a number of challenges involved in calibrating the model. These involve parameterizing the cost of using credit, q (i), to match the data on credit card use that nets out the convenience use of credit cards. Convenience use refers to purchases that are paid o¤ immediately, and using a credit card in this way is no di¤erent from using a debit card. To do this, we use information in the 2010
Survey of Consumer Finances (SCF), which indicates that roughly 8 percent of appropriately de…ned consumption is accomplished through credit. Making this calculation involves translating the income reported in the SCF with income reported in the national income accounts and then relating this number to consumption. In de…ning consumption that is closely linked with our model concept, we remove the consumption of implicit housing services and consumption related to medical expenditures.
We delete the former because that consumption is largely non-market, and the latter because it mostly involves third-party payments. In our benchmark model 7.9 percent of consumption is done with credit, which is in line with our empirical estimate of 8.0 percent (see appendix for details). We also choose the parameters of the cost of using credit so that the short-run interest semielasticity of money demand is 2.7, a value that is in line with many empirical studies (for example, see Guerron-Quintana (2009)).
The other central calibration issue involves the cost of participating in the asset market, j;t . Here we di¤er from the literature, which uses a study of transactions in risky assets by Vissing-Jorgensen (2002). Her work uses data on portfolio transactions from the Consumer Expenditure Survey (CEX).
In this survey, participating households disclose their holdings of both risky assets (stocks, bonds, mutual funds, and other such securities) and riskless assets (savings and checking accounts). This would translate to a …xed cost of at most 1.73 percent of an average worker's personal income.
And we wish to reiterate that this calculation is for risky assets and assigns the entire reason for infrequent trade to transaction costs.
Rather than basing our transactions frequency for replenishing transactions accounts on that data, we adopt what we believe is a conservative calibration. We calibrate our costs so that the maximum length of time between rebalancing a shopper's transaction account is six months. When thinking of the relevant reallocation of transactions accounts as occuring due to a transfer from M2 type savings vehicles to M1 transaction accounts, this seems like a cautious approach to transactions frequencies.
Recent research by Silva (2012) estimates that households replenish their money balances at intervals ranging between 70 to 181 days, where the smaller …gure represents an estimation using more recent data on money holdings. We obtain this calibration with a maximal …xed cost of 3.7 percent of income and a total …xed cost of transacting that is only 0.4 percent of income. Further, we obtain an annualized velocity of money equal to 6.9, which is fairly consistent with actual average consumption velocity of M1 over the period 1990-2007 when one subtracts the fraction of U.S. currency that is estimated to be held overseas. 5 Calculating velocity in that manner yields a number very close to 7.0.
To summarize, our benchmark calibration obtains a frequency of asset market trips consistent with recent estimates and matches both the use of transactions credit and the velocity of M1 using data constructs that are consistent with model variables.
We follow Alvarez, Atkeson, and Edmond (2009) and Khan and Thomas (2011) in assuming that 60 percent of income is costlessly deposited into the transactions accounts of shoppers. This calibration assumes that approximately 90 percent or more of labor income is directly deposited. We set the discount factor to 0.9975, which yields an annual risk-free interest rate of 3.0 percent. Finally, we assume some functional forms. The utility function is taken to be logarithmic: u (c) = log (c); the cost of buying with credit is
and the …xed costs j are drawn from a beta distribution with parameters d and d . The persistence of money growth is taken from Khan and Thomas (2011) . Table 1 summarizes the parameter values used in our simulation exercises. 
It is interesting that in the benchmark model with credit, a slightly greater fraction of shoppers choose to rebalance their portfolios. This is due to the feature that in the credit economy, money balances are somewhat lower and agents smooth consumption by both using credit and being a bit more active.
Because shoppers in the no-credit economy hold somewhat larger money balances, this model yields a somewhat lower annual velocity of roughly six (see Figure 1 panel c) . 
Dynamics in Response to Monetary Policy Shocks
To highlight the workings behind our model, we analyze the impact of a temporary money growth shock. Then we study the more realistic cases of a permanent money growth shock and a shock to the nominal interest rate. As a comparison, we also present results for a model in which agents have no access to transacting with credit. Figure 3 plots the impulse responses to a transitory increase in the money growth rate of 100 annualized basis points. The red line corresponds to our benchmark economy while the blue dashed line is the model without credit. 6 Consistent with previous studies, our benchmark model features a liquidity e¤ect following a transitory monetary shock (Figure 3.a) . There are two driving forces behind this result. First, the real interest rate is not very responsive to the money shock in the benchmark model because consumption of the credit good does not change dramatically, and hence the stochastic discount factor is roughly constant. Without access to transactions credit, active shoppers'consumption jumps one period after the shock (Figure 3 .b) as they are the only ones able to take advantage of the monetary injection. Recall that the asset market meets after the goods market and it is the asset market into which money is injected (see equation 2). Subsequent active shoppers do not get the same chance, and thus there is a large drop in consumption across consecutive active shoppers. As a result, the real interest rate, which is determined by the growth of active shoppers' consumption between periods t + 1 and t + 2; declines signi…cantly. 7 Further, one notices that the consumption of cash goods is much smoother over time and across shopper types, when credit is available for transactions use.
A Temporary Money Growth Shock
We regard this as a key aspect of the availability of transactions credit, and it will be a continuing theme in the experiments that follow. Second, as argued above, the ability to purchase goods using credit allows every shopper to respond instantaneously to the monetary injection. There is a large increase in nominal aggregate demand by all shoppers in the benchmark economy, and this results in an approximately one-for-one change in prices and current in ‡ation. However, the rise in prices is temporary and there is not a large e¤ect on expected in ‡ation. Thus, the movements in the real interest rate dominate the change in the nominal rate.
Regarding velocity, because the price e¤ects in the benchmark model resemble more closely a standard cash-in-advance economy than one with segmented markets, the almost one-to-one response This comes at the expense of the cash-good consumption of shoppers who were active several periods ago (c 3 ; c 4 ; c 5 ), but the fall in consumption is much less dramatic than in the no-credit economy. Interestingly, shoppers that went to the asset markets last period are the ones that increase their consumption of credit goods the most (note the large i 0 ). The reason is that these shoppers know they are less likely to go to the asset markets in the near future. So rather than depleting money balances to buy cash goods, they choose to smooth out consumption by relying more on credit. Because the probability of becoming active behaves similarly across the two models, so does the evolution of the distribution of shopper types. The fraction of active shoppers increases a bit on impact and the fraction of long-time inactive shoppers falls on impact. The impact behavior leads to an echo e¤ect as the greater fraction of active shoppers makes its way through the distribution.
After six months, which is the longest period for which anyone would remain inactive, the distribution settles back to its steady state. 
A Persistent Money Growth Shock
The responses to a persistent monetary shock are reported in Figure 4 . The autocorrelation of money growth is set to .57 at a quarterly frequency, which is a fairly standard calibration in this literature.
The money growth rate rises by 100 annualized basis points upon impact. The …rst striking result is that neither version of the model delivers a liquidity e¤ect. In fact, the model without credit displays a greater increase in nominal rates. This greater increase occurs because expected future in ‡ation is higher in the money-only model as price e¤ects are more drawn out. As for the case with a temporary money shock, prices are very responsive in the benchmark model. They are much more responsive than in a standard cash-in-advance model, re ‡ecting the fact that our benchmark calibration induces a relatively high short-run interest semi-elasticity of money demand (which is 2.7). In response to a persistent money growth shock the demand for real money balances actually declines by 0.25 percent, which is responsible for the aggressive response of the current price level. In the long run, the price level and the money stock rise proportionately, but the rise in prices is front loaded and a majority of the price level increase occurs on impact. In the more standard segmented markets model, the price response occurs more gradually as di¤erent shoppers obtain the bene…ts of increased levels of transaction balances. 
Dynamics in Response to a Credit Shock
From the discussion above, it is clear that monetary policy has a di¤erential impact depending on the availability of credit. To further understand the role of credit in our model, we vary the cost of using credit in the economy. This exercise tries to illustrate what a dry-up of credit like the one during the recent recession would mean for households. Figure 6 displays the response of our benchmark model to a persistent shock to the credit cost function (15) . We assume that the parameter is replaced by
Here, the innovation " v;1 increases the cost t by 10 percent above its steady state value and v = 0:91 (which implies a persistence of 0:75 at a quarterly frequency). The decrease in the e¢ ciency of using credit causes shoppers to pull back on credit use along the extensive margin (Figure 6 .c). They compensate by purchasing more of each credit good (Figure 6 .a). Once the …xed cost of buying a type i good with credit is paid, there is no further direct e¤ect on the amount of that good purchased.
Recently active shoppers also respond by increasing the number of goods and the amount of each type i they purchase using cash, but shoppers who have been inactive for some time decrease consumption on the intensive margin ( Figure 6 .b.) Even though the real balances of each of these shoppers has increased due to the fall in prices, they must spread their money purchases over more goods, and therefore, the purchase of each cash good declines. On net, more resources are spent using credit, overall aggregate demand falls, and with it in ‡ation. The greater cost of using credit also spurs more shoppers to become active, while the increase in real balances due to the fall in prices provides a countervailing force. On net, the latter dominates and there is a decline in …nancial activity ( Figure   6 .d). Ultimately, the decline in the e¢ ciency of supplying credit leads to what resembles a recession.
Total consumption and thus velocity fall, and the real rate of interest and in ‡ation decline. 
An 18-Month Equilibrium
An interesting (and puzzling) …nding in Section 4.2 is that the model without credit fails to generate a liquidity e¤ect (see Figure 4 .a.). To understand this result, note that our creditless model, unlike Khan and Thomas's (2011) segmented asset market model, features a longer money balance spell and a constant hazard rate. Figure 7 displays the response of some variables to a persistent money growth rate shock when we calibrate the model so that households may wait up to 18 months before replenishing their money balances. We note that inducing such long …nancial inactivity requires a maximal …xed cost of 30.7 percent of income and total expenditures on transacting of 1.7 percent of income in the model with credit and a maximal …xed cost of 37 percent of income and total expenditures devoted to transactions of 2.1 percent of income in the model without credit. Further, obtaining a liquidity e¤ect requires using a transaction cost structure that approximates a single …xed cost. Doing so lengthens the expected duration of not visiting the asset market relative to our benchmark calibration. Although it is not clear from Figure 7 , in ‡ation continues to display substantial persistence in response to the monetary innovation in the model without credit. In contrast, in ‡ation quickly returns to the steady state when we allow shoppers to also purchase goods using credit. Overall, this transaction cost structure is capable of producing a liquidity e¤ect for both the real and nominal interest rates, but the e¤ect is signi…cantly muted in the economy with credit (solid red line).
An Investigation of Secular Movements in Credit Availability
In this section, we analyze how the availability of credit a¤ects the transmission of a persistent monetary shock (Figures 9.a through 9 .e). We use our baseline model as the starting point and vary the degree of access to credit from large (when people pay for up to 16 percent of their purchases with credit) to low (when only 4 percent is paid for with credit). For completeness, we also report the results from the model without credit. As a reference point, Table 2 provides the steady-state values of total consumption bought with credit ( e C), and consumption bought with cash by di¤erent groups (c 0 ; ; c 5 ). The table also indicates that steady-state velocity is directly related to the accessibility of credit, increasing as the economy becomes more credit intensive. The results in Figure 8 .a. indicate that consumption with credit is more responsive in the model with low credit. At …rst sight, this result seems counterintuitive since one would expect consumption to be more elastic in the economy with higher credit use. Note, however, that consumption with credit in the steady state is larger in the economy with more access to credit. Once we factor in this observation, the change in the level of consumption bought with credit (rather than in percent as in Figure 8 .a.) becomes more responsive with greater access to credit. Because the use of credit as a transactions medium is empirically relevant, it is important to investigate how its use a¤ects behavior in the basic segmented markets model of money demand. We …nd that introducing credit goods drastically alters the predicitions of an endogenously segmented market economy and makes them closer to those obtained in a standard cash-in-advance model. Of importance is the e¤ect that transactions credit has on consumption. Even though only roughly 8.0 percent of goods are purchased using credit, its use allows for signi…cant consumption smoothing over time and across agents. Thus, increasing credit availability impairs the ability of market segmentation to generate sluggish nominal behavior and liquidity e¤ects.
Access to credit also links interest rates to the behavior of each individual across time rather than to consumption of di¤erent individuals across time. As mentioned, access to credit allows shoppers another avenue for consumption smoothing by allowing them to bypass money when purchasing a good, which in turn frees up money balances to purchase more of each type of cash good. Thus, the presence of credit allows agents to smooth purchases of both types of consumption goods. And as credit becomes more available, consumption becomes smoother in response to monetary shocks and interest rates become less volatile. Therefore, the changing accessibility to credit over time has implications for time variabiltiy in economic behavior.
Importantly as well, disturbances to the accessibility of transactions credit have implications for economic activity. A decline in credit availability, whether it be an endogenous response of …nancial institutions to balance sheet stesses or government regulation, can have negative implications for economic activity. Thus, studying in more detail the economics of credit provision and its implications for standard monetary theory is an avenue worth pursuing. The implications related to these two avenues of transaction behavior appear to be tightly linked, and the inclusion of transactions-type credit has …rst-order implications for thinking about monetary economics. The …rst-order conditions for consumption of various shoppers depends on whether the good is bought with cash or credit. We will show that a good will be bought with credit if its index is less than some cuto¤ value, i j;t : If a type j = 0; :::J 1 shopper buys good i with credit the foc is u 0 (e c j;t (i)) t P t = 0 for i i j;t ;
and for type j = 0; :::J 2 if the good is bought with cash j+1;t u 0 (c j;t (i)) j;t P t = 0 for i > i j;t ; and j = 0; :::J 2
Finally cash purchases for a type J 1 shopper
From the above …rst order conditions it is clear that every good bought with credit will be purchased in equal amounts independent of the type of shopper and good, f c j;t (i) = e c t and that these amounts will in general be di¤erent than those goods purchased with cash. Further, the amount of consumption of each cash good indexed by i is independent of i, but depends on the time since the shopper last rebalanced his money balances.
The …rst order-conditions for M j;t+1 (j = 1::J 1) are E t (@V =@M j;t+1 ) + t j;t j;t
Finally the Benveniste-Scheinkman conditions for the states M j;t are for j = 0; ::J 2 @V =@M j;t = j;t ;
and for M J 1;t @V =@M J 1;t = J 1;t + J;t t :
Combing Equations (J conditions used in determining J+1 values of consumption) Updating the B-S conditions (21) and (22) and substituting into the foc for M j;t+1 along with the foc for consumption yields the following J equations that along with goods market clearing determine the various values of consumption. For the consumption of goods purchased with credit we have
It will subsequently be shown that, as in Dotsey and Ireland (1997) , credit goods are bought in greater quantities than cash goods.
First-order condition for bonds
The …rst-order condition for bonds can be obtained by combining the …rst-order condition for B t along with B-S condition for B t 1 to obtain
Determining the cuto¤
Having determined consumption, we next examine the condition determining the cuto¤ for whether a good is bought with credit or cash. This cuto¤ point will depend on the index j; which is associated with how long an individual shopper has been unable to replinish his cash. Di¤erentiating the household's objective function (4) with respect to the various cuto¤s, i j;t and substituting out the Lagrange multipliers yields the following condition,
A good will be bought with credit as long as the LHS of (26) is less than or equal to the RHS.
FOC alphas (J-1 equations)
We now turn to determining when a shopper visits the asset market to replenish transactions balances.
for j = 1 to J 1
where I have used @ j;t =@ j;t = j;t . Thus, once we have expressions that determine the various Lagrange multipliers, we can uniquely determine the cuto¤ costs associated with visiting the asset market.
8.0.6 First-order conditions for j;t+1 (J equations)
The J …rst-order conditions for the j;t+1 are given by
Benveniste-Scheinkman conditions for thetas
The B-S conditions for the …rst J 1 0 s are @V =@ j;t = j;t 0;t + (1 j;t ) j;t + (29)
(e c t + q(i))di t P t j;t for j = 1 to J 1:
For the J th :
Updating these two equations and using the …rst-order conditions for next period's thetas yields the following recursive relationships that determine the 0 s:
E t t+1 [M 0;t+2 M J 1;t+1 P t y t + P t+1
0 (e c t+1 + q(i))di E t t+1 P t+1 J;t+1
Summing up
Conditional on knowing the cuto¤ value for using credit for each type of shopper and the cuto¤ values for going to the asset market, which determine the j;t ; we can determine the other variables. We have the J equations for determining consumption, (17) and (23), along with goods market clearing to determine the J + 1 various values of consumption. The CIA constraints along with the …rst-order condition for M 0;t+1 can then be used to determine the various money holdings. Given these solutions the cuto¤ values for credit can be ascertained and the multipliers j;t can be solved for. In turn, the cuto¤ values for going to the bond market and the expected costs of doing so can be calculated. In turn, knowing the cuto¤s for credit allows one to calculate the cost of using credit. Iterating on these conditions until convergence is attained in the credit and asset market cuto¤ values or solving all the equations nonlinearly can produce the steady-state values of the economy.
Appendix B: Steady-State Routine
The steady state for all variables can be solved if one knows the cuto¤s j and the i j for a given selection of J: Thus one must use numerical methods (nonlinear equation solver, hill climber, or bisection in a Gauss-Seidel setting) to …nd these two vectors, and then one must determine if J is optimal (i.e. do there exist any shoppers who would rather not go to the bond market if not forced to do so ). Thus, we will …rst indicate how to calculate the steady-state consumptions, money balances, alphas, 0 s; costs of using credit, fractions of types, and the gammas as functions of the two types of cuto¤s. We will then describe the conditions determining the two cuto¤s.
Probabilities, fractions, and costs
The alphas are given by j = H( j ) and the expected costs of transacting in the asset market is j = j Z 0 ah(a)da: The evolution of the steady-state fractions is given by j+1 = (1 j ) j for j = 1 to J 1 and using the fact that the thetas sum to one yields an expression for each j in terms of the alphas. Speci…cally, 1 =
where 0 0: The remaining 0 s can be calculated recursively.
The costs of using credit are given by Q j = 
Consumptions
To calculate the various consumptions …rst use the …rst-order conditions (9) and (23) to determine the ratio of various c 0 j s to e c: De…ne
Then for c 0 ; we have rmu 0 = (e c=c 0 ) = = :
Note that except at the Friedman rule the credit good is consumed in greater quantitites. The remaining ratios can be solved recursively,
Thus, the consumption of cash goods is monotonically decreasing in j: With these expressions in hand,
we have the ratio of the cash goods to the credit good for each shopper, rc j = rmu 1= j : Substituting into goods market clearing yields an expression for consumption of the credit good, which in turn can now be used to calculate the consumption of each type of cash good. 
Calculating steady-state money balances
We next use the CIA constraints to derive steady-state money balances. We do this is real terms, de…ning m j;t = M j;t =P t 1 and thus the m 0 s are predetermined variables. This is done by recursively working back from the J 1 shopper.
and m j = (1 i j )c j + m j+1 y: (38)
Calculating the steady-state gammas
We next use (14) and (13) 
One iterates on the cuto¤s until convergence. 
